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Abstract
This project set out to assess the population status of the southern resident
community of Orcinus orca, the killer whale, in Puget Sound. The current number of
whales in the community is 84, down from 97 in 1995, and it has been hypothesized that
their numbers will continue to decline in the future. The study focussed specifically on
the residual effects of the capture era in the 1960’s and 1970’s that systematically cropped
immature male and female killer whales from the southern resident community. Then,
the behavioral adaptations that the killer whales appear to be making in response to their
altered pod structures and dwindling numbers are evaluated.
The two pods studied, J pod and K pod, are two of three pods in the southern
resident community and were seen in close association with each other, particularly
following the death of the last adult male in K pod, K1 in 1997. This whale was
estimated to be 42 years old at death. Currently a large age gap exists in the K pod, with
a total of only four males ranging in age from less than one year (bom in 1999) to 13
years, and no adult males. Because of this age gap, the K pod members were observed
swimming with the J pod whales more often. Although killer whales exist in a
matriarchal society, it is believed that the males play an important role in the pod and
entire resident community. It is thought that the observed association is due in large part
to adult males in the pods playing a mentoring role for the younger whales. J pod in 1997
and 1998 had three adult males, which presumably were taking over the role of mentor
for the juveniles in K pod, as well as perhaps mating with members of K pod to increase
productivity within the pod.
It appears that the changes in pod stmcture were brought on primarily by the
capture operations in the 1960’s and 1970’s in the Puget Sound that took at least 34 killer
whales from the southern resident community. Until the pod stmctures of the southern
resident community can return to normal and the resulting age gaps are overcome, the
altered behaviors we are seeing will continue. Although the effects of the capture era will
probably be overcome eventually, other factors contributing to the declining southern
resident killer whale population may complicate the whales’ ability to endure these
residual capture era effects.
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Introduction
History of killer whales
Orcinus orca, the killer whale, has been present for thousands of years in the
world’s oceans. Killer whales are typically prevalent in colder climates but names such
as ‘bufeo de mascarilla’, ‘spaekhuggare’, ‘sadshi’, ‘mesunggesak’, ‘kosatka’, and
‘innuatu’, local names for killer whales in Spain, Sweden, Japan, Alaska, Russia and
Korea, show their prevalence throughout every ocean of the world (Heimlich-Boran
1994).
Killer whales’ presence in the many oceans throughout the world has been
documented for nearly as long as humans have observed them. However, much of the
historical literature on killer whales paints a picture of these top predators of the sea as
vicious man eaters which is as incorrect as the “manufactured” lovable “sea panda” we
see at Sea World today (Hoyt 1981). No other cetacean species in the world has had such
a “reversal in public attitude as has the killer whale. Not too long ago, killer whales were
regarded as vicious predators, poised to attack everything that crossed their path,
including humans” (Mason 1999).
One of the earliest accounts of killer whales in the oceanic environment is from
the Roman scholar Pliny the Elder, who wrote in the first century A.D. that “a killer
whale cannot be properly depicted or described except as an enormous mass of flesh
armed with savage teeth” (Hoyt 1981). Their scientific name, Orcinus orca, translates
from Latin into “whale of or belonging to the kingdom of the dead”, giving a glimpse into
the historic relationship humans have had with killer whales (Mason 1999). More
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recently, killer whales have been referred to as “wolves of the sea” because of their
hunting techniques, as well as the common name “blackfish” in the Northwest (Ford et al.
1994). Indeed, even the name “killer whale” originated from ancient whalers who called
the animals “whale killers” because they had at times observed the whales attacking
larger baleen whales in the wild, killing them and eating their flesh. These marine
mammals were considered vicious predators on the same level as sharks, and historically
much of the literature on killer whales uses such words as “man-killers” and “voracious
predators” when describing the animals (Hoyt 1981).
Until the latter part of this century, not many scientific studies had been conducted
involving killer whales, primarily because of the fear associated with these animals. In his
research, Hoyt (1981) stated that most of the scientific studies on killer whales in their
natural habitat were confined to lists of stomach contents and accounts of the animals’
attacking behavior. In the Danish zoologist Daniel F. Eschricht’s famous 1862 account,
pieces of thirteen porpoises and fourteen seals were found in the stomach of a young
killer whale from Denmark (Hoyt 1981).
Fishermen and locals from the Northwest have regarded the killer whales as
“dangerous and unfair competition” for their livelihood, the Pacific salmon
(Onchorhynchus spp). In Northern B.C., as well as in other parts of the world such as
Iceland, killer whales were routinely shot at and harassed by fishermen. The Norwegian
government has even subsidized killer whale hunts in the past to protect the herring
fisheries (Mason 1999). It is true that the killer whales did follow the fishing boats, and
would often either catch discarded fish alongside the boat or pluck fish directly from nets
or lines (Hoyt 1981). However, there has never been a documented killer whale attack on
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a boat or a deadly attack on a human in the wild. In response to public pressure, the
Canadian Federal Fisheries Department mounted a machine gun on Vancouver Island
with the intent to fire at pods of killer whales coming into the area to keep them away
from the fish and cull their pod numbers. Although this gun was never fired,
approximately 25% of the killer whales live-captured throughout the 1960’s and 1970’s
in the Puget Sound had evidence of bullet wounds, indicating that some fishermen were
taking it upon themselves to control the killer whales’ numbers and activities (Mason
1999).
In local native tales, legends of the killer whales also abound. However, unlike
the Europeans, who “were doing their best to twist whales into blood-thirsty, savage
beasts, native cultures treated cetaceans with awe and respect” (Mason 1999). They were
often referred to as mythical sea creatures and were respected for their power over the
ocean (Ford et al. 1994). To this day, killer whales are an important symbol in the art,
culture and mythology of many Pacific Northwest native coastal communities.
Most of the historic accounts of killer whales have been shown to be inaccurate
and are based more on human fear of the animals than on an understanding of the biology
of the largest of the Family Delphinidae, or dolphin family of the Suborder Odontocete,
toothed cetaceans. However, killer whales are at the very top of the food chain and have
no natural predators besides man. They are very fast swimmers (up to 34 mph)
(Carwardine 1995), and efficient hunters who specialize in feeding on the abundant food
source in their habitat. Their prey varies from marine mammals such as seals and
porpoises in Argentina and the Pacific Coast, herring in Norway, or salmon in the Pacific
Northwest (Carwardine 1995). Killer whales have been shown to be very intelligent
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animals, with complex social lives revolving around their family groups, or pods, and
sound dialects unique to different groups of killer whales, which they use for
communication and navigation (Ford 1991). Killer whales also have very large and
complex brains, although the use of this large brain is unknown (Hoyt 1981).
Identification of killer whale communities
Scientists have grouped different killer whale societies throughout the world on
characteristics of their diet, as well as by social interactions among pod members. There
are currently three groups of killer whales in the world, all of which were first classified
and studied in the Pacific Northwest and Canada (Ford et al. 1994; Heimlich-Boran 1994;
Dahlheim and Heyning 1999). The first group is known as resident killer whales. These
whales feed primarily on fish including salmon and herring and typically stay in the same
general location nearly year round. The resident killer whales are seen more frequently
during particular seasons, usually correlating with salmon and herring runs (Nichol and
Shackleton 1996). They are also commonly seen in large pods ranging in size from 15 to
over 50 members. These pod members are all related and stay with their mother’s pod for
their entire lives (Haenel 1986). They typically spend their days involved in various
activities including foraging for food, traveling, socializing and resting. There are three
resident pods of killer whales in the Puget Sound, comprising the southern resident
community. The pods are named J pod, K pod and L pod. In Canada, there are also 12
pods of resident killer whales making up the northern resident community (Ford et al.
1994). Much of the current research in the Puget Sound and Canada is centered on these
two resident communities of killer whales.
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The second group of killer whales is known as transients, and was so named
because researchers first thought that they were resident killer whales moving between
different pods (Heimlich-Boran 1994). However, further research has shown that these
whales are actually part of different pods that feed primarily on marine mammals, such as
harbor seals, sea lions and porpoises. The transients are not seen on a regular basis, and
only the very basic structure of their pods is known. The pod size of transients is much
smaller than that of residents, and ranges from 1 to approximately 7 members
(Carwardine 1995). It does not appear that the transient pod relationships are as cohesive
and long lasting as the resident pods, and many researchers think that the pods are made
up of killer whales of the same age group rather than of the same genetic background
(Hoelzel et al. 1998). It also appears that the transients spend more time traveling and
foraging and much less time socializing and resting. The same individual whales are
sometimes spotted as far south as California and as far north as Alaska.
The third group of killer whales is a relatively new group of whales that
researchers began to study in the early 1990’s. They are called offshore killer whales,
primarily because they are spotted at infrequent intervals off the west side of Vancouver
Island, far out to sea. They appear to be more similar to residents than transients,
occurring in large groups of 30 to 60 individuals (Heimlich-Boran 1994). However, like
transients, the offshore group seems to move over large areas and individuals have been
spotted as far south as California (Mason 1999).
The resident whales are the most commonly seen killer whales in the Northwest.
Researchers have divided the communities of killer whales into the southern resident
community, found in the Puget Sound and along the southern end of Vancouver Island,
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and the northern resident community, which are the killer whales in Canada, found near
northern Vancouver Island and in the Queen Charlotte Strait, B.C. It is interesting to note
that although killer whales do not appear to be territorial, the northern and southern
resident communities rarely, if ever, interact. They tend to stay within the boundaries of
their range; the southern residents never go further north than the Strait of Georgia, or
approximately the midpoint of Vancouver Island, and the northern residents are never
seen south of that area. Another interesting finding about killer whales is that each pod
within both the northern and southern resident communities has its own set of underwater
sounds (Ford 1991). These sounds are used both for navigation as well as for
communication, and every pod has a unique dialect recognizable by other members of the
same pod as well as by different pods. It is thought that these sounds are used by the
killer whales to identify one another.
Most of the information and knowledge on killer whales throughout the world was
originally learned and observed from the killer whales in the Puget Sound and near
Vancouver Island, B.C. Much of what scientists know about killer whales has only been
learned in the last thirty years, following what some would call the most important event
in the history of interaction between man and killer whale, and what is now referred to as
the ‘capture era’.
The capture era
In 1961, the first killer whale ever to be captured was taken from Newport Harbor
in California and flown to Marineland of the Pacific in Los Angeles. The young whale
was placed in an aquarium, but died after two days of ramming for hours into its tank
(Heimlich-Boran 1994). Although short-lived, this event was a sign that killer whales
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could be captured and taken into captivity without harm to humans. The next successful
capture effort* occurred in 1964, when an artist was hired by the Vancouver Aquarium to
create a sculpture of a killer whale. In order to get accurate measurements for the
sculpture of the killer whale, a live whale was captured near Satuma Island, B.C., and
towed to Vancouver, where he (as was later determined) was named Moby Doll and taken
into captivity. Although not intended, Moby Doll attracted attention from people
throughout the world, and was the first killer whale in the world to be held captive and
put on display for the public. Although the whale died after three months in the
Vancouver Aquarium, the worldwide publicity brought some of the first positive attention
from the press regarding killer whales and fueled a drive to bring more killer whales to
zoos and aquariums. Moby Doll’s plight was headline news in the Times of London,
Reader’s Digest, and Life (Hoyt 1981). He was the first killer whale to be observed in
captivity and was surprisingly docile and even tame in his tank, according to trainers and
involved scientists (Hoyt 1981). This killer whale stood in stark contrast to the
widespread beliefs about these ‘ferocious’ animals. This event marked the beginning of a
changing attitude towards killer whales, where the “terrible reputation” of killer whales
began to fade (Heimlich-Boran 1994).
The third killer whale taken into captivity was caught accidentally in a fishing net
in Canada, near Namu, B.C. in 1965. The whale was sold to the owner of the Seattle
Aquarium and towed to Seattle in a floating pen. The whale was named Namu and

* In 1962, Marineland of the Pacific employees attempted to capture another killer whale in Haro Strait,
WA for their aquarium. A female whale was lassoed, but the line got tangled with the boat and the men
were forced to shoot and kill the whale. The whale’s carcass was towed to Bellingham, but the capture was
obviously not successful (Hoyt 1981).
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survived in captivity for one year, the longest time for a whale in captivity up to that point
(Heimlich-Boran and Heimlich-Boran 1994). Namu became a very popular killer whale,
and footage from the period shows trainers touching and even swimming with the gentle
creature. Within two months of being in captivity and on display, 120,000 people had
come to see him (Mason 1999). At about this time, the idea of a captive killer whale
display business started becoming popular. “After witnessing the docility of [a] captive
killer whale (not to mention the numbers of people who flocked to see it) the interest of
enterprising businessmen was piqued” (Mason 1999).
The live-capture fishery in the Puget Sound of both southern and northern resident
killer whales gained momentum, and by 1968, 25 whales had either been captured and
sold to oceanaria around the world or died in the capture process. Over the next ten years,
37 more killer whales were captured from the region or died in the process (Asper and
Cornell 1977; Hoyt 1981).
The popularity of capturing killer whales was due to a number of natural life
history characteristics of the whales. The resident killer whales, which were the primary
targets for capture operations, followed the cycle of spawning salmon through the Puget
Sound and Canadian waters. Their appearance every spring and through the summer was
very predictable, and the animals were relatively easy to catch. The ideal captive was “a
young male, small enough to transport, but guaranteed to grow into an impressive
performer” (Heimlich-Boran and Heimlich-Boran 1994). The whales were typically
cornered into a small cove or inlet with shallow water and weak currents, where fishing
boats and nets were then used to trap the whales. (Hoyt 1981; Bigg and Wolman 1975).
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Some of the most common places that the resident killer whales were caught
include Redder Bay, west of Victoria, B.C., Penn Cove on Whidbey Island, Carr Inlet in
the Puget Sound and Pender Harbour, B.C. Shortly after capture efforts began in these
various inlets the killer whales began avoiding the locales, and to this day killer whales
are rarely seen in Penn Cove or Redder Bay (Bigg and Wolman 1975). Penn Cove, on
Whidbey Island, was the site of some of the largest capture efforts. In 1970, 80 whales
were trapped in Penn Cove and 7 of those whales were kept while 4 more died in the
process. In 1971, another 24 killer whales were captured in Penn Cove and 3 were kept
for display (Asper and Cornell 1977).
The time period called the ’capture era’ turned out to be a mixed blessing for the
killer whales. The whales taken into captivity were not surviving for long periods of
time, but their behaviors and intelligence were being studied within the confines of an
aquarium. Many the changes in attitudes towards the killer whales came about because of
the whales observed in aquaria (Haley 1970). However, as was to be learned in future
years, the effects of removing even one member from a pod can have drastic effects on
the rest of the whales still in the wild (Garrett 1995).
After approximately 15 years of live-capture fishery operations in the Puget
Sound, the public began to realize the inhumanity of the process. Public outcry gained
force and eventually ended live capture efforts in the Puget Sound in 1976. However,
researchers realized that the capture operations had had a larger effect on the killer whales
than they had expected (Hoyt 1981). In total, 303 killer whales that had been captured
between November 1961 and March 1976. Of those 303 killer whales captured during
the fishery, 237 were released, 56 were kept for research or public display, and 10 died
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during collection operations, usually by drowning in the nets (Asper and Cornell 1977).
It should also be noted that although the capture operators thought they had captured 303
different whales, future research indicated that a number of the captures were repeat
captures, where the same pod was repetitively captured and additional pod members were
taken each time (Bigg et al. 1983). This discovery is one of the things that prompted
further research into the killer whale pods in the wild and created a push for more
regulation of the live-capture industry. In total, 25 whales were taken in Canadian waters,
while 31 were taken in Washington state. It is estimated that of the 56 killer whales taken
during capture operations from this area, “at least 34, and possibly as many as 44 whales
were taken from the 3 pods of the southern resident community” (Bigg et al. 1983).
Research on killer whales in the wild
Researchers who began studying the killer whales in 1971 in Canada as a result of
the capture efforts continued studying the whales remaining in the wild. They developed
a photo identification technique enabling researchers to visibly identify individual whales
(Bigg et al. 1983). Each whale was given an alphanumeric name and also a nickname to
identify and classify it. For example, J1 is an adult female in J pod nicknamed ‘granny’
because she is believed to be one of the oldest whales in the southern resident
community. After these techniques had been developed, population estimates and
familial links were established. The first thing researchers realized is that the number of
killer whales in the Puget Sound was much lower than expected. There were only 69
whales left in the three pods of the southern resident community, down from an estimated
100-120 killer whales before 1961, and only 135 whales left in the twelve pods in the
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northern resident community, down from an estimated 200- 300 whales (Bigg et al.
1983).
Bigg et al. (1983) and Balcomb and Bigg (1986) also found that these pods of
killer whales exist in a matriarchal society in which the adult females or cows are in
charge. Previous to this discovery it had been thought by many including Jacques
Cousteau (1972) that the adult males were swimming with their harem of females, mating
with all of them, and that the younger killer whales in the group were the bull’s offspring,
who would eventually take over the position of ‘king of the hill’ in the pod. As it turns
out, the males were actually swimming with their mothers and sisters, as well as aunts
and even other uncles and brothers. Rarely do members of the same pod of killer whales
mate with each other, as it is considered to be highly undesirable because it would lead to
inbreeding (Mason 1999). Thus in the wild when two or more resident pods are in the
same area they will typically exhibit increased social behavior and it is assumed that
during this time mating with killer whales from other pods occurs. In the southern
resident community, when all three of the pods are in the same area it is known as a
superpod and there is typically a lot of playful and social behavior, and also presumably
mating behavior occurring (Garrett 1995). Members of a resident pod stay with their
same pod for life and rarely switch pods. When two or more pods are in the same area
exhibiting typical mating behavior they will usually separate after a few hours and all
members of the same pod will reunite and continue on with their daily lives.
Killer whales are very long-lived in the wild, and females can live up to 90 years
(Dahlheim and Heyning 1999). It was found that male killer whales only live to about 50
years of age, and that their main role in the pod appears to be looking after younger
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whales, as well as assisting in hunting for salmon (Haenel 1986). Because killer whales
have no natural predators and typically hunt for salmon on an individual basis, more of
the bulls’ time could be devoted to providing care to the younger whales, contrary to what
is typical in groups of other mammals (Haenel 1996).
In a resident pod of killer whales, the number of females and males directly
affects the dynamics of the pod. ‘The numbers of matriarchs, mature bulls, or young
whales in the pod may all play some role in determining the social structure of the pod.
For example, we have noticed that subpods containing more than the average proportion
of bulls are more independent in their traveling patterns than those with a balanced sex
ratio” (Ford et al. 1994). This implies that although the pods are matriarchal, the
presence and abundance of males does affect the pods structure and behavior. When
there are more bulls within the pod, the other pod members seem to be more confident in
their travel and foraging patterns.
Because the resident pod members stay together for life, it appears that a lot of the
techniques for locating and hunting salmon, as well as social behavior, are passed down
from one generation to the next. With this possibility in mind, it appears that “the longer
life spans of females gives them greater experience and makes them the crucial element
in the social structure” (Ford et al. 1994). Further, because the fathers of calves are not
known, the resident males tend to stay within their own pod and help raise their siblings,
rather than their own offspring. “It is not in his best interests to invest time in calves
which may be the offspring of other males. Under these circumstances, an adult male is
better off caring for the offspring of his sisters or younger siblings, whom he knows are
kin. Although these calves are not passing on genes descending directly from him, they
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are carrying genes he has in common with his mother’s or sister’s...This is how an adult
male killer whale can improve upon his ‘reproductive success’” (Ford et al. 1994). In
many instances, adult males have been observed baby-sitting younger calves, particularly
younger males, perhaps teaching them how to hunt or even how to mate (Ford et al.
1994).
Recent studies have shown that the southern resident pod numbers are declining.
This drop in total number of whales in the population could indicate that they have
reached carrying capacity for this ecosystem or, at least, that the deaths within the killer
whale community are exceeding the births (Center for Whale Research website 1999).
They have been shown to be suffering from a combination of very high levels of
contaminants in their blubber that are believed to affect their immune system, as well as
declining salmon runs, increased boat traffic in the local area and effects of the capture
era (Whale Museum website 1999). In 1995 there were 97 whales in the southern
resident community, while in 1999 there were only 84. Their death rate has exceeded
their birth rate for the past 4 years, and their fate is unknown. The southern resident
community is listed as a threatened species by the Canadian government, and action is
currently taking place to put them on the threatened species list in the United States
(Whale Museum website 1999).
In this study, I hypothesize that the immature female and male killer whales taken
from the southern resident community in the 1960’s and 1970’s have left a large age gap
in the pods still in the wild, as well as altered pod structures that have still not been
overcome. The declining numbers of adult males in the southern resident community is
causing changes in behavior of the three pods. I focus specifically on the death of Kl,

15

known as Taku, in 1997. He was the last bull in K pod, and thus his loss is probably
more detrimental to K pod than any of the previous adult male deaths. In the absence of
adult males in the pod, it was expected that the remaining members of K pod would alter
their behavior in order to continue to allow the juvenile males and females to interact
with other adult males. Specifically, K pod was expected to associate with J pod at a
higher frequency because J pod had three adult males that could provide education and
interaction for the inunature males in K pod, specifically K20 and K21, who were nearing
maturity.

Materials and Methods
As with any study involving wild animals, observation of the whales in the wild is
the method I used to collect most of my data. I began personally observing the killer
whales in May of 1998 and continued watching them through September 1998. I
collected additional data during the 1999 season. For the study, and for my personal
observations, I used photographic identification techniques similar to those in Bigg et al.
(1986) and identified individual whales using the Orca Survey Field Guide (Ginneken
and Ellifrit 1999). Because the killer whales are typically spotted from the spring through
late summer, and then tend to disappear for the winter, most of the data collected involves
observations made throughout the summer months. In addition to my collected data and
personal observations, I obtained spotting information from the Whale Museum in Friday
Harbor, WA, and from the Center for Whale Research in Smuggler’s Cove on San Juan
Island, WA. Their data dates back to 1996, and I was able to form a more complete
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picture of the sighting information for the pods. The data obtained from the Whale
Museum was a combination of personal observations made by staff members as well as
spottings called into their public hotline. I only used the data that was labeled reliable for
my study, and whenever possible cross-referenced the data with that from the Center for
Whale Research and my own records. All the data from the Center for Whale Research
was collected by the researchers, who were able to identify at least one if not all the
whales seen on each reported encounter.
The data most pertinent to my study were sightings of more than one pod in the
same area for the years of 1996 through 1999. 1 chose to focus specifically on the last
four years because: 1)1 needed to narrow the data; and 2) an important component of the
study was the death of the last remaining adult male in K pod in 1997. Thus, I looked at
data previous to his death and following it. I focused specifically on sightings of the J
and K pods together. I chose to study the association of these two pods because in 1998 I
observed an increased number of times that J and K pods were together. 1 was aware that
L pod was often seen with K pod but decided to limit my research.
The spotting data was limited to the months of June, July, August and September.
All data previous to or collected after these months was not included. Again, the whales
are wild animals, and the number of times they are spotted varies year to year. The
number of times they were spotted throughout the four months of this study was noted,
and then the number of times J and K pods were spotted together was recorded. It should
be noted that oftentimes superpods are seen in the summer months, where all three pods
are seen in the same area socializing and hunting. I did not include the times when J, K
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and L pods were all in the same area, assuming that this was a time when a superpod had
formed and I wanted to study the relationships of the J and K pods specifically.
After collecting all the sighting information, pod ratios were examined to
understand the changing behavior of the whales. Data obtained for the live capture
fisheries in the 1960’s and 1970’s gave me an estimate of how many whales were caught,
how many captured whales were immature versus mature, and how many of the whales
were female versus male. The basic data were taken from Asper and Cornell (1977).
Percents and ratios were calculated and the number of mature animals was established by
using body length. This was the only physical measurement collected when the whales
were captured. Sex ratios within the pods from 1996 through 1999 were examined to
compare the capture data to see if the loss of immature male whales was still affecting the
makeup of the pods today and to use for possible explanations in behavioral changes.

Results
All data are presented in Figures 1 through 8 and Tables 1 and 2. The source of
the data is noted in all instances where the data was not from my personal observations.
The population of killer whales in the southern resident community has fluctuated
throughout the years since live capture fisheries ended in 1976 (Figure 1). Data previous
to 1976 is unavailable because killer whales had not been studied in the wild in Puget
Sound until this time. The lowest population count for the southern resident killer whale
community was the first year of the Orca Survey in 1976, when there were only 69 whales
in all three pods (Figure 1). The pods reached a population high in 1995 when there were
97 whales in the community. Since 1995 it is evident that the killer whales’numbers
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have begun to decline rapidly again. 1995 was also the last year that birth rates exceeded
death rates. For the last three seasons more killer whales have died than have been bom.

Figure 1. Southern resident population of Orcinus orca from 1976 -1999. The total population is
presented for each year. The Orca Survey began in 1976, and data previous to this are unavailable.
1997 is the year K1 died. Data is from Ginneken and Ellifrit (1999).

It is evident in Figure 2 that J pod’s population was affected by the capture efforts
because their population count was 14 in 1974, Over the course of the next three years
their numbers slowly increased and by 1976, it appeared that the pod had begun to
rebound. There are an increased number of immature whales in the pod from 1976
through 1981, indicating that the productivity of the females had increased (Figure 2).
When this data is compared with the years of 1995 - 1999 it becomes evident that J pod
has become a relatively stable pod and that the pod ratios and numbers of whales has not

19

changed much over the past four years (Figure 3). This suggests that J pod may have
begun to recover from the effects of the capture era thirty years earlier.
The population count for K pod in 1974 was 10, and this low number is also
evidence that the pod was affected by the capture operations (Figure 4). Over the years of
1974 - 1981, a significant difference between K pod and J pod is that K pod did not
experience an increase in immature whales (Figure 4). In other words, the females were
not producing more calves than normal. Because of this, the population of K pod
remained low for those seven years, and by 1995 it is evident that K pod is much smaller
than J pod (Figure 5). In addition to its smaller size, K pod also has lower numbers of
females and adult males in the pod. The ratios of adult females, males and immature
whales are skewed in Figure 5. There are very low numbers of bulls, and by 1997 there
are no bulls contributing to the makeup of the pod. Figures 6 and 7 again illustrate that
the K pod is much smaller and has probably been more affected by the loss of whales
during the capture era than the J pod. Ideally, the ratio between adult male killer whales
and adult female killer whales, as well as adult male killer whales and juvenile male killer
whales should range from 2:3 or 1:4. J pod (Figure 6) shows ratios relatively close to
this. However K pod (Figure 7) shows much lower ratios and from 1997 on, no ratio (0)
at all, because there were no adult males with which to make comparisons.
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Figure 2. J pod breakdown of cows, bulls and inunature whales for 1974-1981. J pod appears to be
stable in terms of gender makeup of the pod and number of whales within the pod. Notice in the late
seventies there was an increase in immature whales, possibly corresponding to an increase in birth
rates in response to the capture operations. Data is from Balcomb and Bigg (1986).

Figure 3. J pod breakdown of ratios between females (cows), adult males (bulls), and immature
whales for 1995 -1999. The ratios appear relatively stable for the past four years, with a slight
change in 1999 after J6, a bull, was first missing. Data is from Ginneken and Ellifrit (1999) and the
Center for Whale Research (1995).
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Figure 4. K pod breakdown of cows, bulls and immature whales for 1974 -1981. The numbers for
each category appear stable, however the numbers are much lower than those for both J pod and K
pod in the 1990’s. Also notice that there is no increase in immature whales over the course of these
seven years, possibly indicating no increase in productivity for this pod in response to capture
operations. Data used is from Balcomb and Bigg (1986).
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Figure 5. K pod breakdown of ratios of adult females (cows), adult males (bulls), and immature
whales for 1995-1999. Notice that after 1997 there are no bulls in K pod. The number of cows
appears relatively stable, as well as the number of immature whales. However the death of Kl, the
only adult male in K pod, has left no adult males in the pod for the last two years, changing the
makeup of the pod dramatically. Data is from Ginneken and Ellifrit (1999) and the Center for Whale
Research (1995).
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Figure 6. J pod ratios for adult males/females and adult males/juvenile males. Ideally, the ratio
should be close to 2:3 for adult males/females and adult males/juvenile males according to Bigg et al.
(1983).

B Adutt malalemale ratio
B Adult mal^juvenile male ratio

Figure 7. K pod adult male/female ratios and adult male/juvenile male ratio for 1996 -1999. Ideally,
the ratio should be close to 2:3 according to Bigg et al. (1983). Because K1 was the last adult male in
K pod, the ratios for 1998 and 1999 are 0.
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The percentage of times K pod was spotted swimming with J pod increased
dramatically in 1998, the year after K1 died (Figure 8). In 1999, the percentage is still
high, but J pod and K pod were not seen as frequently as in 1998.
Table 1 shows that 70% of the killer whales taken during capture operations in the
Puget Sound showed characteristics of being immature. Killer whales are typically about
6 feet long at birth, and when they are about 18-20 feet in length they are considered
mature (Mason 1999). Based on this information, mature was arbitrarily defined as being
over 16 feet in length and immature as anything less than this. The average length of the
killer whales taken into captivity was very low for both females and males, an indication
that they were probably immature (Table 1). Not many of the whales taken into captivity
were longer than 18 feet, and thus cannot be considered completely mature. At maturity,
the males typically measure 26 ft in length and females measure 23 ft in length (Mason
1999). The longest whale captured was Namu, measuring 21 ft 8 in. He was the third
killer whale to be captured. Following Namu’s capture, the whales captured ranged in
size from 7 ft 10 in to 19 ft 0 in (Asper and Cornell 1977).
The makeup of a normal pod usually consists of about 23% bulls, 34% cows, 39%
juveniles and 4% newborns (Table 2). The makeup of both J pod and K pod in 1999 is
much different from these expected values, again indicating that the capture era is still
affecting the pods in the wild (Table 2). Specifically, the percentage of bulls in both J
pod and K pod is much lower than expected, while the percentage of cows in both pods is
higher than expected. Again, this is evidence that the pod structures in the southern
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resident community are skewed as a result of the capture era and are affecting the
behavior of the individual pods.

Yaar

Figure 8. Percentage of times J & K pod spotted together for 1996 -1999. The numbers of spottings
varied for each year and thus percent of total encounters for each year was calculated. Data is from
personal observations, The Whale Museum (1996-1999) and the Center for Whale Research (1999).
The percentage of time J & K pods were spending together reached a high in 1998, when they were
seen together at least 19% of the time the whales were spotted. This corresponds to one year after
K1 died.
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Table 1. Numbers of mature and immature whales taken into captivity from the Puget Sound from
November 1961 - March 1976. The total number of killer whales taken from the Puget Sound is 56.
The lengths of the whales that were not sexed were not measured. All data are from Asper and
Cornell (1977).

Males

Females

Unknown

Percent (%)

Total

28

26

2

100%

Immature

21

18

n/a

70%

Mature

5

7

n/a

21%

Average length (ft)

13.7 ft

14.0 ft

n/a

n/a

Table 2. Breakdown of J pod and K pod ratios for 1999, compared with values observed for a
normal population presented in Bigg et al. (1983).
% Bulls

% Cows

% Juveniles

% Newborn

J pod

10.0

45.0

45.0

0.0

K pod

0.0

53.0

41.0

6.0

Predicted

23.0

34.0

39.0

4.0

Discussion
Unexpected changes in the makeup of J pod and K pod in the 1960’s and 1970’s
as a result of the capture era are still affecting the killer whales today as seen in changes
in behavior and associations with other pods of the southern resident community. The
numbers of immature whales removed from the wild over the course of approximately 15
years has resulted in an age dichotomy that is still affecting the whales in the Puget Sound
thirty years later. With the combination of the other factors recently reported to be
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affecting the killer whales in the Puget Sound, the population of killer whales in the
southern resident community should be considered threatened.
Results from this study show that the residual effects of the capture era are
definitely a contributing factor to the declining numbers of killer whales in the Puget
Sound. Figure 1 depicts what the southern resident population of killer whales has been
experiencing since 1976 when research began on these animals. It shows a slow
population increase over the first twenty years of the study, until about 1995, when the
population again began to decline. It has been hypothesized that this recent decline in the
population is an indication that the population has reached its carrying capacity for the
Puget Sound ecosystem, and thus has returned to a balance (Center for Whale Research
website). However, a closer examination shows that the whales’ numbers are actually
declining rapidly and not stabilizing at a certain population count. Recent studies have
found high levels of toxic substances in the blubber of these killer whales, and when
combined with the extremely low salmon runs experienced in the past few years in Puget
Sound, this ‘carrying capacity’ conclusion may be incorrect.
The population ratios in both of the pods studied, J pod and K pod, also show
there is still an imbalance in the pods of the southern resident community. Figure 2
shows the number of whales in J pod in 1974 was 14, and this number has increased over
the next following seven years. The numbers of cows and bulls remained pretty stable for
those seven years, while the number of immature whales increased steadily from three in
1974 to eight in 1979. Bigg et al. (1983) observed an increased annual net productivity
for the whales in the southern resident community from 1.7 % to 3.0% after capture
operations ceased, correlating with the observed increase in immature whales in J pod.
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Figure 3 shows the breakdown of J pod into number of cows, bulls and immature
whales for the past four years. At first glance, these data look very similar to those
collected twenty years ago. However, both the numbers of cows and bulls are found to be
decreasing over the four most recent years. Also, the number of immature whales has
increased in the past two years, perhaps in response to declining numbers of other adults
in the pod such as Brault and Caswell (1993) has suggested.
As in Figures 2 and 3, Figures 4 and 5 show the breakdown of K pod into number
of cows, bulls and immature whales for 1974-1981 and 1995-1999, respectively. The
first obvious difference between J pod and K pod is the number of whales. K pod was
much smaller than J pod twenty years ago, and is still much smaller today. In Figure 4
again the number of cows and bulls remains relatively stable for the seven years.
However, unlike J pod, K pod did not experience an increase in annual productivity and
shows no net increase in immature whales in the pod. This is probably one of the most
important reasons why the K pod is still so small today, and why in Figure 5 the numbers
of cows and bulls is so skewed. Figure 5 shows that the number of cows remains
relatively stable, dropping slightly only in the past year. However, the number of bulls
has not increased at all, and by 1998 there were no bulls left in K pod. Upon further
analysis, the oldest male in K pod to this day is K20, who was bom in 1986 and showed
the first signs of a fin sprout in 1999. Following K20 are K21 also bom in 1986, K25
bom in 1991, and K31 bom in 1999. These are the only males in K pod at this time.
Numerous studies of killer whales around the world have found patterns of
allomatemal behavior within pods (Guinet 1991; Haenel 1986; Ford et al. 1994;
Heimlich-Boran and Heimlich-Boran 1994). In various parts of the world it appears that
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young calves rely on mimicking strategies to learn hunting techniques, socializing
behavior, and mating rituals. Indeed, it has even been shown that killer whale calves
mimic the sounds their mother and other pod members make to learn the unique dialect of
their pod (Ford 1991). In the Crozet Islands, off the southeast coast of South Africa,
transient killer whales are often observed hunting for elephant seals near the island.
Mother/calf or older sister/calf killer whale pairs have been observed practicing hunting
techniques together, with the calves typically observing the more skilled adult whale.
This suggests that the calf is more likely to develop feeding skills through close contact,
interaction and imitation of the hunting behavior of their mother or another relative who
has mastered the specific skills (Guinet 1991).
In the Puget Sound area, similar observations have shown that killer whales are
dependent on their mothers and other adults in the pod during their juvenile years. After
approximately 1 y^ years of nursing from their mothers, young killer whales are weaned
and then seen chasing fish with their mother or older sibling, usually following slightly
behind the older whale (Haenel 1986). After weaning, a killer whale calf begins
swimming with other members of the pod, although the calf always returns to its mother’s
side after a period of time. Typically when a calf is entering its juvenile years (from 2-6
yrs), it begins spending a lot of time with its peers in the pod, socializing and playing.
This is also the time when young calves begin swimming with older males in the pod.
Adult males have been observed ‘babysitting’ up to four calves at one time, all of which
appear to be more playful than they are when in the presence of their mothers (Haenel
1986). Haenel (1986) also notes that the adult males appear to be much more tolerant of
young playful calves, allowing the calves to roll over their backs and play with the bull.
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After approximately 6 years of age, the male calves become sexually active. Thus, the
associations observed between calves and bulls may be for play purposes, but also
probably for educational reasons, to learn both hunting and mating techniques (Haenel
1986). However, Heimlich-Boran and Heimlich-Boran (1994) state that there is a period
of time between the male calves reaching sexual maturity and the time they reach social
maturity. Oftentimes ‘roving bands of bachelors’ are observed in the wild; young bulls
not socially ready or permitted to father a calf or participate in pod-specific allomatemal
behavior (Heimlich-Boran and Heimlich-Boran 1994). In any event, the presence of both
young males and bulls within a pod is an important part of its makeup.
Killer whales are very long-lived animals, and the long periods of development
observed in the wild provide increased exposure to the behaviors of the elders of the pod
and allow for the intergenerational transfer of skills (Heimlich-Boran 1988).
Associations with killer whales of varying ages provides young calves with the skills they
need to survive in the wild at maturity. Thus, it is apparently important to have a
balanced ratio in the pod of adult males and females and young maturing calves to carry
on the skills being learned. Figures 6 and 7 show the ratios of adult males to females and
adult males to juvenile males within J pod and K pod over the last four years. According
to data from the field (Bigg et al. 1983; Haenel 1986) the ratio should range anywhere
from 2:3 to 1:4 for a normal killer whale pod. Figure 6 shows that the ratio of
bulls/immature males for J pod is relatively healthy, exceeding 1:2 for the years in
question. However, the ratio of bulls to females is slightly lower, indicating that there are
more females in the pod in relation to adult males. However, J pod does appear to be a
stable and healthy pod. Figure 7, on the other hand, shows the ratios for K pod. Both
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adult male/female and adult male/immature male ratios are much lower. Because there
were no adult males in K pod after 1997, no comparisons could be made. The ratios are
very low for several reasons. First, only one adult male has existed in K pod for over five
years, and secondly, the productivity of K pod has remained low, so that there are not a
lot of immature calves in the pod. These comparisons are alarming because ideally there
would be at least one, if not more, bulls in the pod to provide expertise for the younger
calves reaching maturity.
Figure 8 shows the percentage of spottings observed in the wild over the last four
years. The percentage of times K pod was seen swimming with J pod increased markedly
after 1996, and peaked in 1998. In 1999 the percentage has decreased slightly. K pod
responded to this loss of an important bull, K1 in 1997, by associating with J pod more
frequently. In 1998, K pod did have some young male calves that were beginning to
reach maturity. Specifically K20 and K21 are both males bom in 1986, and just
beginning to reach sexual and social maturity. Perhaps adult K pod members let the
young calves associate with the three adult males in J pod in order to gain a better
understanding of their role in the pod. After approximately one or two years of additional
‘training’ from the three bulls in J pod, these young K pod males apparently had learned
enough to be able to exist in their own pods are mature males.
Another possible explanation for this close association with J pod members after
the death of K1 could be that these two young males in K pod, K20 and K21, were
sexually active and were mating with females of J pod. However, typically when mating
behavior is observed in the wild, which is admittedly rare, the pods will be in the same
area for brief periods of time and then separate and travel on their own. In 1998 and
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1999, J pod and K pod were seen travelling for long periods of time together, usually
without any of the characteristic mating behaviors occurring with the young males in K
pod. The suggestion that the young males of K pod were mating with members of J pod
does not support the implication that the males play no part in raising their offspring.
Thus, investment in mating practices with J pod will not directly benefit the makeup and
structure of this pod, but rather benefit the pods of the females bearing the calves.
Another possible explanation as to why J and K pods were seen with each other
with an increased frequency in 1998 is that perhaps the adult females in K pod were
mating with the adult males in J pod to increase productivity within the pod in response
to the death of Kl. Thus, in addition to allowing the younger calves to associate with the
bulls, the females were taking advantage of the presence of the bulls in order to increase
the numbers of immature whales in their own pod and help return the makeup of their pod
back to normal.
This study provides further evidence that the makeup of both J pod and K pod has
not returned to normal since the systematic cropping of immature whales during the
capture era. Table 2 provides a breakdown of the percent of bulls, cows and immature
whales in both J pod and K pod. These numbers are then compared with what is
expected according to Bigg et al. (1983). There are lower percentages of bulls in both
pods, and higher percentages of cows and juveniles. The lower percentage of bulls shows
that both pods were not able to produce enough young males after the capture era that
would potentially be mature by this time to compensate for the loss of young whales
thirty years ago. The higher percentage of young whales shows that the pods are trying to
increase productivity, although it is hard to say if this increase is enough. The higher

32

percentage of cows simply shows that female killer whales are longer-lived than males,
and the older females have not yet begun to die at as high of a rate as the adult males
have.
Table 1 shows the number of males and females taken from the Puget Sound
during the capture era. Extrapolating from these numbers, the 21 immature male killer
whales taken from the pods could range in age from 23 to approximately 47 years of age
today. This explains why there are so many altered population statistics for the killer
whales in the southern resident community today. The loss of these young whales has
resulted in a large age gap that is reducing the productivity of the three pods in the Puget
Sound. The loss of 18 immature female whales is not affecting the pods as drastically,
primarily because adult females are longer lived. However, this female age gap will
probably be more noticeable in another twenty to thirty years, when all of the old females
begin to die. Because killer whales are such long-lived animals, and so dependent on the
passing down of important knowledge from generation to generation, this type of
disturbance could have even further far-reaching effects. To what extent the pods are still
reacting to and altering their behavior as a result of the capture era is unknown and further
research is definitely important for the killer whale’s survival in this area.
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